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Event biasing OverviewEvent biasing Overview
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Event biasing in Geant4Event biasing in Geant4
�� Event biasing (variance reduction) techniques are a vital requirEvent biasing (variance reduction) techniques are a vital requirement ement 

for many applications.for many applications.

�� Since Geant4 is a toolkit and also all source code is open, the Since Geant4 is a toolkit and also all source code is open, the user can user can 
do whatever he/she wants.do whatever he/she wants.
�� Capable users in experiments/institutions created their own Capable users in experiments/institutions created their own 

implementations of event biasing for their needs.implementations of event biasing for their needs.

�� These feature could be utilized by many application fields such These feature could be utilized by many application fields such as as 
�� ShieldingShielding
�� Radiation environment assessmentRadiation environment assessment
�� DosimetryDosimetry

�� It is more convenient for the user if Geant4 itself provides mosIt is more convenient for the user if Geant4 itself provides most t 
commonly used event biasing techniques.commonly used event biasing techniques.
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Event biasing techniquesEvent biasing techniques
�� Production cuts / thresholdProduction cuts / threshold

�� This is a biasing technique This is a biasing technique –– most popular for many applicationsmost popular for many applications
�� Geometry based biasingGeometry based biasing

�� Importance weighting for volume/regionImportance weighting for volume/region
�� Duplication or sudden death of tracksDuplication or sudden death of tracks

�� Leading particle biasingLeading particle biasing
�� Taking only the most energetic (or most important) secondaryTaking only the most energetic (or most important) secondary

�� Primary event biasingPrimary event biasing
�� Biasing primary events and/or primary particles in terms of typeBiasing primary events and/or primary particles in terms of type of event, of event, 

momentum distribution, etc.momentum distribution, etc.
�� Forced interactionForced interaction

�� Force a particular interaction, e.g. within a volumeForce a particular interaction, e.g. within a volume
�� Enhanced process or channelEnhanced process or channel

�� Increasing cross section for a processIncreasing cross section for a process
�� Physics based biasingPhysics based biasing

�� Biasing secondary production in terms of particle type, momentumBiasing secondary production in terms of particle type, momentum
distribution, crossdistribution, cross--section, etc.section, etc.

=>  Weight on track /  event.
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Current features in Geant4Current features in Geant4
�� Partial MARS migration Partial MARS migration 

�� n, p, pi, K (< 5 GeV)n, p, pi, K (< 5 GeV)
�� Since Geant4 0.0Since Geant4 0.0

�� General particle source moduleGeneral particle source module
�� Primary particle biasingPrimary particle biasing

�� Since Geant4 3.0Since Geant4 3.0

�� Radioactive decay moduleRadioactive decay module
�� Physics process biasing in terms of decay products and Physics process biasing in terms of decay products and 

momentum distributionmomentum distribution
�� Since Geant4 3.0Since Geant4 3.0

�� Geometry based biasingGeometry based biasing
�� Weight associating with real volume or artificial volumeWeight associating with real volume or artificial volume

�� Since Geant4 4.2Since Geant4 4.2

�� Weight cutoff and weight windowWeight cutoff and weight window
�� Since Geant4 5.2Since Geant4 5.2

�� HadronicHadronic process moduleprocess module
�� CrossCross--section biasing (section biasing (PhotoInelactic,ElectronNuclear,PositronNuclearPhotoInelactic,ElectronNuclear,PositronNuclear))
�� Leading particle biasing for hadronic processes Leading particle biasing for hadronic processes 

�� Since Geant4 7.0Since Geant4 7.0
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Leading particle biasingLeading particle biasing
-- Estimation of penetrating particles Estimation of penetrating particles --

�� Simulating a full shower is an Simulating a full shower is an 
expensive calculation.expensive calculation.

�� Instead of generating a full Instead of generating a full 
shower, trace only the most shower, trace only the most 
energetic secondary.energetic secondary.
�� Other secondary particles are Other secondary particles are 

immediately killed before immediately killed before 
being stacked.being stacked.

�� Convenient way to roughly Convenient way to roughly 
estimate, e.g. the thickness estimate, e.g. the thickness 
of a shield.of a shield.

�� Of course, physical quantities Of course, physical quantities 
such as energy are not such as energy are not 
conserved for each event.conserved for each event.
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Geometric BiasingGeometric Biasing

* Importance sampling technique
* Weight window technique

The purpose of geometry based event biasing is to save computing time 
by sampling less often the particle histories entering “ less important”
geometry regions, and more often in more “ important” regions.
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Importance sampling techniqueImportance sampling technique
�� Importance sampling acts on particles crossing boundaries betweeImportance sampling acts on particles crossing boundaries between n 

““importance cellsimportance cells””..
�� The action taken depends on the importance value assigned to theThe action taken depends on the importance value assigned to the cell.cell.
�� In general,  a track is played either split or Russian roulette In general,  a track is played either split or Russian roulette at the at the 

geometrical boundary depending on the importance value assigned geometrical boundary depending on the importance value assigned to to 
the cell.the cell.

I=1 I=2

�� Survival probability (P) is defined by Survival probability (P) is defined by 
the ratio of importance value.the ratio of importance value.

P = P = IIpostpost / / IIprepre
�� The track weight is changed to W/P.The track weight is changed to W/P.

X

�� Splitting a track  Splitting a track  ( P > 1 )( P > 1 )
�� E.g. creating two particles with half E.g. creating two particles with half 

the the ‘‘weightweight’’ if it moves into volume if it moves into volume 
with double  importance value.with double  importance value.

W=1 W=0.5

W=0.5

�� RussianRussian--roulette roulette (P < 1 )(P < 1 ) in opposite in opposite 
directiondirection
�� E.g. Kill particles according to the survival E.g. Kill particles according to the survival 

probability (1 probability (1 -- P).P).

W=0.5

W=1

P = 0.5

P = 2
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Importance biasingImportance biasing

Analogue sim
ulation

Importance biasing

10 MeV neutron in thick concrete cylinder
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The Weight Window  TechniqueThe Weight Window  Technique
�� The weight window technique is a weightThe weight window technique is a weight--based algorithm based algorithm –– generally generally 

used together with other techniques as an alternative to importaused together with other techniques as an alternative to importance nce 
sampling:sampling:
�� It applies splitting and Russian roulette depending on space (ceIt applies splitting and Russian roulette depending on space (cells) lls) 

and energyand energy
�� User defines User defines weight windowsweight windows in contrast to defining importance in contrast to defining importance 

values as in importance samplingvalues as in importance sampling

�� A weight window may be specified for every cell and for several A weight window may be specified for every cell and for several energy energy 
regions:  regions:  spacespace--energy cellenergy cell ..

�� Apply in combination with other techniques such as crossApply in combination with other techniques such as cross--section biasing, section biasing, 
leading particle and implicit capture, or combinations of these.leading particle and implicit capture, or combinations of these.

Upper Energy Lower weight E
Lower Weight D

C
B
A

Upper Energy

Lower weight

Lower weight

Survival weight

Upper weight

Kill/Survive

Split
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The weight window technique (continue)The weight window technique (continue)
�� Checks the particle weightChecks the particle weight

�� Compare the particle weight with a Compare the particle weight with a ‘‘windowwindow’’ of weights defined for of weights defined for 
the current the current energyenergy--spacespace cellcell

�� Play splitting or roulette in case if it is outside, resulting iPlay splitting or roulette in case if it is outside, resulting in 0 or more n 0 or more 
particles particles ‘‘insideinside’’ the windowthe window
�� E.g. WL is a lower weight bound of a cell. E.g. WL is a lower weight bound of a cell. 

CU and CS are upper limit factor and survival factor, respectiveCU and CS are upper limit factor and survival factor, respectively.ly.
�� W > WL*CU  Split trackW > WL*CU  Split track
�� W < WL*WL  RouletteW < WL*WL  Roulette

WL

WL*CS

WL*CU

P = W /  (WL*CS)
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Setup of geometric biasingSetup of geometric biasing
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Sampler for Geometry based biasingSampler for Geometry based biasing
�� Sampler is the top level class to apply importance sampling and Sampler is the top level class to apply importance sampling and weight weight 

roulette. roulette. 
class G4VSampler{
public:

virtual  ~G4VSampler(){}
virtual  void PrepareScoring(G4VScorer* scorer) =0;
virtual  void PrepareImportanceSampling(G4VIStore* istore,

const G4VImportanceAlgorith* iag=0)=0;
virtual  void PrepareWeightWindow(G4VWeightWindowStore *wwstore,

G4VWeightWindowAlgorithm *wwAlg=0,
G4PlaceOfAction placeOfAction= onBoundary)=0;

virtual  void PreareWeightRoulette(G4double wsurvive=0.5,G4double wlimit=0.25,
G4double isource=1) = 0;

virtual void Configure() = 0;
…. Snipped ….

}

G4MassGeometrySampler

G4ParallelGeometrySampler

Two concrete classes are provided for the “mass”
and the “parallel” geometry, respectively.
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Concrete sampler classesConcrete sampler classes
�� A concrete sampler class is responsible for one particle type whA concrete sampler class is responsible for one particle type which ich 

should be given to the constructor of the sampler classshould be given to the constructor of the sampler class
�� Depending on the biasing technique, the Configure() method of a Depending on the biasing technique, the Configure() method of a 

sampler will setup specialized processes, e.g. transportation insampler will setup specialized processes, e.g. transportation in the the 
parallel geometry, importance sampling, weight window, etc. for parallel geometry, importance sampling, weight window, etc. for the the 
given particle type.given particle type.

�� Restriction/LimitationRestriction/Limitation
�� World of World of ““importance geometryimportance geometry”” must must ‘‘overlapoverlap’’ exactly with exactly with ““massmass””

worldworld
�� Biasing and scoring of charged particles in a field is not yet sBiasing and scoring of charged particles in a field is not yet supported upported 

when using an when using an ““importance geometryimportance geometry””..

�� G4MassGeometrySamplerG4MassGeometrySampler
�� For a geometry of the experiment to be simulated. For a geometry of the experiment to be simulated. 

�� G4ParallelGeometrySamplerG4ParallelGeometrySampler
�� For a For a ““parallelparallel”” geometry, geometry, ““importance geometryimportance geometry””, which may be , which may be 

constructed to define physical volumes according to which constructed to define physical volumes according to which 
variance reduction are applied.variance reduction are applied.
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Setup importance biasingSetup importance biasing

�� Register the processes for importance biasing for each particle Register the processes for importance biasing for each particle typetype
�� G4MassGeometrySamplerG4MassGeometrySampler / / G4ParallelGeometrySamplerG4ParallelGeometrySampler prepares the prepares the 

process. The particle type is given to the constructor.process. The particle type is given to the constructor.
�� This configuration is prepared by This configuration is prepared by 

PrepareImportanceSampling(G4VISotore*, G4VImportanceAlgorithm*);PrepareImportanceSampling(G4VISotore*, G4VImportanceAlgorithm*);
with importance values and the algorithm. with importance values and the algorithm. 
�� The default algorithm is implemented in The default algorithm is implemented in G4ImportanceAlgorithmG4ImportanceAlgorithm class class 

derived from G4VImportanceAlgorithm base class. derived from G4VImportanceAlgorithm base class. 

Class G4IStore : public G4VIStore{
public:

explicit G4IStore(const G4VPhysicalVolume &worldvolume);
void AddImportanceGeometryCell(G4double importance,  const G4GeometryCell &gCell);
void AddImportanceGeometryCell(G4double importance,  const G4VPhysicalVolume &,

G4int aRepNum = 0);
--- snipped ---

�� Decide whether to bias in Decide whether to bias in ““massmass”” geometrygeometry, , 
or in a dedicated or in a dedicated ‘‘parallelparallel’’ geometry  (geometry  (““importance geometryimportance geometry””))

�� Assign an importance value to a volume for all of volumes in thiAssign an importance value to a volume for all of volumes in this geometrys geometry
�� The importance is a (double) number.The importance is a (double) number.
�� G4IStoreG4IStore class is used to store importance values and related geometry class is used to store importance values and related geometry 

cells.cells.
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Setup weight window biasingSetup weight window biasing

�� Sampler prepares processes to a particle type. Sampler prepares processes to a particle type. 
�� PrepareWeightWindowStore(G4VWeightWindowStore*,PrepareWeightWindowStore(G4VWeightWindowStore*,

G4VWeightWindowAlgoritG4VWeightWindowAlgorithm*, G4PlaceOfAction);hm*, G4PlaceOfAction);
�� The weight window algorithm is provided byThe weight window algorithm is provided by

�� G4WeightWindowAlgorithm(G4double G4WeightWindowAlgorithm(G4double upperLimitFaktorupperLimitFaktor, , 
G4double G4double survivalFaktorsurvivalFaktor, G4int , G4int maxNumberOfSplitsmaxNumberOfSplits););

�� upperLimitFaktor/suvivalFaktorupperLimitFaktor/suvivalFaktor are multiplied to a lower weight bound to define the upper weigare multiplied to a lower weight bound to define the upper weight and the ht and the 
survival weight.survival weight.

Class G4WeightWindowStore : public G4VWieghtWindowStore{
public:

explicit G4WeightWindowStore(const G4VPhysicalVolume &worldvolume);
void AddUpperEboundLowerWeightPairs(const G4GeometryCell &gCell,

const G4UpperEnergyToLowerWeightMap& enWeMap);
void AddLowerWeights(const G4GeometryCell &gCell, 

const std::vector<G4double> &lowerWeights);
void SetGeneralUpperEnergyBounds(const

std::set<G4double,std::less<G4double>> &enBounds);
--- snipped ---

�� Assign a lower weight bound value and a Assign a lower weight bound value and a UpperEnergyUpperEnergy bound to a volume bound to a volume 
for all of volumes in this geometryfor all of volumes in this geometry
�� Both bounds are given in (double) numbers.Both bounds are given in (double) numbers.
�� G4WeightWindowStoreG4WeightWindowStore class stores bound values in cells.class stores bound values in cells.

Boundary, Collision, or Both
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More on using importance biasingMore on using importance biasing
�� Optional capabilityOptional capability

�� Scorer may be usedScorer may be used with the Sampler using with the Sampler using PrepareScorer(G4Vscorer*)PrepareScorer(G4Vscorer*)..
�� G4Scorer is provided as a concrete scoring class.G4Scorer is provided as a concrete scoring class.
�� A "scorer" class derives from the interface G4VScorer. Users mayA "scorer" class derives from the interface G4VScorer. Users may create create 

customized "scorerscustomized "scorers““. . See exampleB02 for detail.See exampleB02 for detail.

� Checking importance sampling
� A default implementation is provided through G4Scorer, which provides 

following parameters:
� Î Importance
� Tracks entering : Number of tracks entering the cell
� Population : Number of tracks including produced in the cell
� Collisions : Number of steps limited by physics process in the cell
� Coll*WGT : Weighted sum of collisions
� NumWGTedE : Number weighted energy 
� FluxWGTedE : Flux weighted energy
� Av. Track WGT : Average track weight



March 2006March 2006 Geant4 Tutorial CourseGeant4 Tutorial Course 1919

Examples/extended/biasingExamples/extended/biasing
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Biasing example B01Biasing example B01
�� Shows the Shows the importance samplingimportance sampling in the mass (track ing) geometryin the mass (track ing) geometry
�� Option to show weight windowOption to show weight window
�� 10 10 MeVMeV neutron shielding by cylindrical thick concrete materialneutron shielding by cylindrical thick concrete material
�� GeometryGeometry

�� 80 cm high concrete cylinder divided into 18 slabs 80 cm high concrete cylinder divided into 18 slabs 
�� Importance values assigned to 18 concrete slabs in the Importance values assigned to 18 concrete slabs in the 

DetectorConstructionDetectorConstruction for simplicity.for simplicity.
�� The G4Scorer is used for the checking resultThe G4Scorer is used for the checking result

�� Top level class uses the framework provided for scoring.Top level class uses the framework provided for scoring.

Air
Air

1     1     2   4    8   16  32   64 ……….. 2n
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Analogue

Importance Sampling

Example of Standard output
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Weight Window Technique

Survival weight bounds

�� Energy bounds  < 1 Energy bounds  < 1 GeVGeV
�� Upper limit factor :  CU = 1,   Survival factor     :  CS  = 1Upper limit factor :  CU = 1,   Survival factor     :  CS  = 1
�� Lower limit weight is proportional to  2Lower limit weight is proportional to  2--nn along to slabsalong to slabs
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exampleB01
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Example B02Example B02
�� B02 example for showingB02 example for showing

�� importance sampling importance sampling in a parallel geometryin a parallel geometry
�� a customized scoring making use of the scoring framework.a customized scoring making use of the scoring framework.
�� Mass geometry consists of a 180 cm high simple bulk concrete Mass geometry consists of a 180 cm high simple bulk concrete 

cylinder cylinder 
�� A parallel geometryA parallel geometry is created to hold importance values for is created to hold importance values for 

slabs of width 10cm and for scoring.slabs of width 10cm and for scoring.
�� Note: The parallel world volume must overlap the mass world Note: The parallel world volume must overlap the mass world 

volume volume 
�� The radii of the slabs is larger than the radius of the concreteThe radii of the slabs is larger than the radius of the concrete

cylinder in the mass geometry.cylinder in the mass geometry.
�� The importance value is assigned to each The importance value is assigned to each ‘‘G4GeometryCellG4GeometryCell’’

�� Pairs of G4GeometryCell and importance values are stored in Pairs of G4GeometryCell and importance values are stored in 
the importance store, G4IStore.the importance store, G4IStore.

�� The The scoringscoring uses the G4CellSCorer and one customized scorer uses the G4CellSCorer and one customized scorer 
for the last slab. for the last slab. 

�� It can be built and run using the PI implementation of AIDA It can be built and run using the PI implementation of AIDA 
�� For this see http://For this see http://cern.chcern.ch/PI./PI.

�� At the end a histogram called At the end a histogram called ““b02.hbook" is created.b02.hbook" is created.
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Example B03Example B03
�� Uses Geant4 importance sampling and scoring through Uses Geant4 importance sampling and scoring through pythonpython. . 
�� It creates a simple histogram. It creates a simple histogram. 
�� It demonstrates how to use a customized scorer and importance It demonstrates how to use a customized scorer and importance 

sampling in combination with a scripting language, python.sampling in combination with a scripting language, python.
�� Geant4 code is executed from a python session. Geant4 code is executed from a python session. 

�� Note: the swig package is used to create python shadow classes Note: the swig package is used to create python shadow classes 
and to generate the code necessary to use the Geant4 libraries and to generate the code necessary to use the Geant4 libraries 
from a python session.from a python session.

�� It can be built and run using the PI implementation of AIDA It can be built and run using the PI implementation of AIDA 
�� For this see http://For this see http://cern.chcern.ch/PI./PI.

�� At the end a histogram called "At the end a histogram called "trackentering.hbooktrackentering.hbook" is created." is created.
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Plans for event biasing in Geant4Plans for event biasing in Geant4
�� Extend Extend ““importanceimportance”” geometries for use with charged particles in field.geometries for use with charged particles in field.

�� New navigation system for parallel geometries are under preparatNew navigation system for parallel geometries are under preparation ion 
and will be released soon. and will be released soon. 

�� Implementation of geometric biasing in Implementation of geometric biasing in ““importanceimportance”” geometry will geometry will 
be migrated to use this new navigation.be migrated to use this new navigation.

�� Scorer may be separated from event biasing.Scorer may be separated from event biasing.
�� Scorer will be merged with sensitive detector for simplicity.Scorer will be merged with sensitive detector for simplicity.

�� UserUser’’s contribution is welcome.s contribution is welcome.


